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(54)Titlc: OPTICAL AMFUFIER AND TRANSMISSION SYSTEM USING THE SAME 



14-t 



14*1 •••optical aapliCier 

14*2, 14-3 ... ao^ifyin^ aaetiofi 

14-5, 14-9, 14-13 ... optical isolator 

14-7, 14-11 ••• mltiplexw: 

14.8, 14-13 ... 0rblaaNdop6d fiber 

14-4 ••• gala eqnaliier 

a ••• signal light 

b ••• laogtbvlOO m 

c ..• nceitatioD light 

d ••• l«ngtbp70 m 

« ... Foorier filter 

f •«• paaJc loss«17 dB 



(57) Abstract 

An optical amplifier has two amplification stages by using erbium-doped fibers (EDF) as a gain mediimi. The erbium concentration of 
the fibers is adjusted to 1.000 ppm and the unsaturated absorption coefficient of the EDFs for signal light at 1.550 nm is adjusted to I dB/m. 
The lengths of the EDFs 14-8 and 14-12 are adjusted to 100 m and 70 m, respectively. Excitation light sources 14-6 and 14-10 are composed 
of 1.53-pm semiconductor lasers and the excitation light power of the lasers is adjusted to 100 mW. Multiplexers 14-7 and 14-11 are 
composed of dielectric multiiaycKd film filters, and a gain equalizer 14-4 is composed of a Fourier filter. The peak loss of fte Fourier filter 
is 17 dB and the gains of the EDFs 14-8 and 14-12 are 25 dB and 15 dB, respectively. Two optical isolators and one optical isolator are 
installed to the preceding and the succeeding amplifying sections for preventing laser oscillation, respectively. 




(5 7) sm 




fo^i^^t LT^/wtf ^A^;!jn7r-r/^ (EDF) 2mm<Dmmm^ 

$rto■CV^6, ^/I'li'^'A^M^fii 0 0 0 p pmi: 1 5 5 0 nm{CjbNt 
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TTit. 0 2 3, 02 4, m 2 5 tt^ti-eti. ^mmm(Dtftinm^(omi, m2, 

ll3<^fl|^t»fe5o 

@23|Cj3V^•C. jtii<iS2 3-l(i. ifigSiS 2 3 - 2 .t OTJ^i^^bSI 2 3 

15 igS$iX'CV>2)o #StSO{t-^^}6^ ^<^3feiiii>SM2 3- llCAItb. iiiHStLS, 
BillBiiitSlfC 2 3 - 2 {i. nnmW2 3-6 (^±^»7 7 fcfi3i2gES&) , 

Isftig^tM 2 3-7, *3 ± U?, f IJ^I-jjiK 23-6 Haift{Cl9:« S tv;^^«|5<a 23- 

20 Massicott et al., Electron. Lett., vol.26, No.20, pp. 1645- 1646, 1990) « 

0 2 3 (om^oitmm^ 23-1 026 A<^m 2 e c {c^i-o 

02 6Ali, ^l#jSCW2 3-60flJ#<DS[fi:^S^#^4S^^LTV^;5o HI 2 6 AT?. 
m'^<D}^-^myim3 0 d B, flJ^^TO^iic (^J;t«. 3 d BfiJ^T^^) \t 
^1 Onm-CfcS. $>m^^k3g2 3-3Otl^$:0 2 6B{C^-t-o ^<om^<0\f 
25 -^Mtt. j^l 0 d B-T?fcS„ 02 6 AOflJ#**fj02 6 B <Z5^i3fe«^§|V^fcM^^ 
^iii«l«2 3-10f«J^§-C$>5;6S, ^il*0 2 6 C{C^-t„ fcfdU. flg^<^yt«). 
5tSl5iPp 2 3-8 t^lfPa 23-9 (Om^litmm,LtCo flJ#^^t:S&2 3 - 3 SrfflV^ 
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0 2 4 It, 1212 3 i|^^(DflJ#«ptt*^1-5;6S. |g2 3{Cik-<, ^^f&^^ti 

V^S^5>*^^^"t?l5l]S'f i^^XtSk : Massicott et al.. Electron. Lett., vol.28, 
No.20, pp. 1924- 1925, 1992) o 

10 m^otftmrnm-^h^o mmm^mwt immu25-2) ^xx^^^m imm^2 
5-3) K^p^tim^s ^fi(t>(Dm\^s ^mmmt^y^/i^^t.fc\t^nmm^ 

^fe-f : Masuda et al., Electron. Lett., vol.26, No. 10, 

pp.661-662, 1990) o 

dBmS(c«!||J8$tu2), -If. 0 9 8 J:*), :)tiii|i«jafpm;^/-«!7-f±, 
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010(4, z<Dmm<Dm3 (Dm^oiif^i^iTik'r ^yyvhio 

01 2A, 0i2Btt, :L<D?im^xxj^mmms<ommm(oii^i±^^'ti!^^ 

0i3»i, z<Dmm<D0mm<Dm^i:yi^'t:ftiy^mvh^o 

01 414. z(omm<omimi&mm^^^iA^m^mii^^<omm^^^'r:^ 

0 1 5 14. ft 1 mMmwi<Dnm:^^^ h^^^^T^-r^v 7t?fc^„ 

02 of4. :z<D^m<om^%mi^m\zx^iK^m%i^i^^(om^m^7ri'r-:^ 

oy^0-Cfc-5o 

02 114. C(^l8igof|5|ll6J|^ffi|Cj;SJ[2:^l«3tli1gSOflffiK«liJ*^-r>^ 
ny^0t?&6o 

02 2(4. r©«igcO||6||Ji?^S{Cj;Si2:^Jgc5tiii|g§§(D«fi)c^*^1-:/ 
n5/^0-CfcSo 

02 3t4. m'mim(o%^m^<r>mi<omM^yri'tzfvi y^m-Q^^, 
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m 2 6 A-c ti, 0 2 3 <Dm^(D^mmm<oi\!^^i:^-r^y ^-e&s, 
ig2 8«:, 9'ri^mm^m\f^it^i$m^<onn^^^ h/Ko#ttS:^-f ^7 

036 A, 036811, ^mmK^t>^titi^mmRx/zti^m\^^it^B'^i^ 

;^7^A{c*3V>T, :)t^2&'>;^7^i^<^Blll2i(feJ^^<^«figSr^-f^ny^0t?fc5, 
03 7 A, 03 7BH, *l6?giC«bS3tliiliS&&U5CixSrfflV>fe^ei^t/ 
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mm 

2) (iii|iiaJi-3) <02-Diz^i!)^tix\^^M.X:k^ <^tii^o -^tc. 

mmmm<om 2 s t ft. mm(ommu 1 - 2 i^ii:oig*iiaj 1 - 3 oratciaei- 

nmmO^^^:^B^7?:LX\^^^o El 7 At?. m\tm 4 0 dBX 

20 S-^fll 0dB*fcfi2 0dB) ^JAiOfimtjlg^PLTV^S, f«J#^ 

^tSSl-4(Dta^$ria7B(C^1-o ^<7)«^(^l;f-j}'M{t. ItJl 0 d Bib*J:t;t2 
OdB-CJi)5, 

ia7A(^fiJ#;5^ibIil7B(^ti^^?|v>fdt;d^ ^feiitlS 1 - 1 <^fli#"T?fc2)>6S. 

^ixiia 8 {c^-r, l> fis¥<o^«>, t/tM& i-a, i-iot i - 

25 12, 1- 1 40ti^tt4i«Lito *l3fel^-^a[;S««?Jl 0 dB(Di:t(DfiJ#sFa 
^««:3 0 nm-t?fc t). iiffe^^-iJ'itiJSjiJ*) 2 0 d BOt tt^ffJ^sjzjt&^iggHS 0 
nmXh^o 0 2 6 0. -tfli^-h. iijSa^l¥{-*5tt2)¥tifimM2 0 d BCOt t 

<^fij#5Fa^«4r±3 0 nmt?fc«3. 1218. •t^j:t>ib. ^^^mi^t^if :s>m&mmu 
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6 bizmmm mmmi-s) t^h^ov, tftmmm&famt}tsimitn^mz.h 
10 <Dm\z.2-D<Dm'^mtmi-4, 1-4' ^siat-cv^So 2o(^fij^&^.ft:s&i 

-4. 1-4'" $^ffiv^Tv^*fe^^>, iJSi^Lyt^J^4?jl:Sg<D«^e'-i5'm, 30 

$ n fzmnumm^&wm t-t^i^m(Dm^MUt. 't<Dmmumizw^nh titc 
(N-i) m<ommmit^t^m^ittfti^m^tLxi,^\^\ ^tististt. 

20 ia2r±, *ig^©M2ofli^«:^fcv^5o *«§e<om2fiifigfi, igijzi^-f 
m 1 <^fiifiK) (Dmmn 1 - 2 , 1 - a >£r. tMti. m 2 {::;T^-r«fi!c(j:a 

m2x\t^ mm<Dm^^t(Dtcib, eii i<^taii^<^^$:. la 1 coittisp 1 - 2 

MJt^-r^mmU2 - 1 {cov>t^ t:fe„ r o^gji^tt, is 1 <Diii|iilBJ 1 - a |::*f 
25 jc£:*f5iii(ggp (ig^iiiS) (i:ov>Ttl^«lT?fcSo *«figli. iai{::Jt-<. 

-oiDmm^ftui - 7 , 2-2^m^x^f^^zkxh^o sbje^as2-2;isw;^i- 
i-9<D {m^titAti:fjmzmLx) ±iiLU^^. laitjut-*, x'om\f^m.m^ 
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^{kS:^T5Stfi(^7'^>•^7 hS (i^ y ;<7 7r'r 1 0 nm) yjfft. MiK 

iRJn'?, 1-8 -fm^SEM 1-9 ~5taJfi 1-10 ~^iaja 4-2 -^IfBfp 1 - 8 ) 

^Wa 1 - 8 43J;i>*3t^fB 1 - 1 OttU-iP^mm^MVX. ^MXl. -^SESS 
<^«fiK-CSi>5J6^ lBbje^M6-2Sr!&f/tl^S:SUt. jaig^Sr w-lPy >:/<Z>S 
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'*^n7r-r/^ : EDF) tVfto 3L,i.\f^J^miam8tti:1 0 00 ppmkV. 
1 5 5 0 nm{w*5{t6{t-§-3t(^*ia?PM#^«: 1 d E/mti-^o 

miiA, mi iB{zmm^m(D^ti6^i:^m2(Dmmm(Dm^^7^-to lai 

lAtt. ibSifiS^OU. 4 8 Mm(^^ l(75M^^<75AM«»|-e$>^o EDF- 1 
10 1 -6(D:g$ft5 Om, iaijg3t/-?r7-tt 1 0 0 mW, ftJ^^-fbSS 1 1 - 3(0 If- 

Sriai 2A{::^LyS:o. W'W^m2 0 d 3 o n m ( 1 5 3 5~ 1 5 6 

5 nm) "CfeSe 

lailBfi, fidjESZ:^;^^!. 5 5 /im(Df^2<Dgiiia^i!f<75AM«ajT*fc5o ED 
15 F • 1 2-40:^$(il 5 0 m. ®bjg3t>'^l7-lt 2 0 0 mW, flJW^'fk^ 1 1 - 

3oif-^ti^iii 0 d BWT-efc2>o mm:^^ 

^ h>'W ^01 2A{J:^Uyt, W-iS.W^2 0 d B, ¥ffi^J^4 0 nm (15 7 0 
~1 6 1 0 nm) -eibSo 
Sll 3lC*l8l^©|^M«ai(0«fiKSr^t-o 2®iii|iS«fifc-Cfc«9. m^(DEDF • 
20 1 3- 7«Z)§$H:l 0 OmVh*>. ^^(OEDF -13-1 KD^^itl Om'V 
fc?), M^^EDF • 1 3-7<Dm^\t2 5 dB-CfefJ. ^|8:(75EDF • 

13-1 Kommtii 5 dB-cfe?), -eorarassnytfij^^/fksi 3-4<^ 

if-i5'S*fi2 0 d B-e&«>„ ij®-^tyt#ij#;^^^ h/wSria 1 2 Blc^-fo TO 
f«J#2 0dB, 3ps^jgg5 0nm ( 1 5 5 0~ 1 6 0 0 nm) 

Jiia(0J:5{c. 5fiJ#«E»Sr2*^*:fc:ri3->-HlfJst±lJ:^tt"r29:a 
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. ^mmmmxtii. mmmnt Lx=^^\^\f^AmM77^^< (e r 3+j^AP7T-r 

^^:EDF) ^fflv>. 2S:l|!efl|jB^Srio-CVN5p 3:;Ufcfi?ASS;!jniiS«:l 0 0 
Oppmirt. 155 0 n m(::i3ft2)m-^^(D*tafqPi^ilX#^(l 1 dB/mkir 

15 ?>o ifSOEDF • 14-8(^S$lilO OmXhK). =^©OEDF -14-1 
- 2(0:S$«:7 Om'T?fcSo SbS^aSl 4 -6, 14-10t±. 1, SS/imO^ 
^flcu-if (LD) iSbje^t-'^y-lil OOmW-^feSo mi^%i:\t^% 

<0^«»14-7, 1 4-llttlK«{*:#«lB|7^/W^, 1 4 - 4 tt 

Split Beam Fourier Fater (7— y "CfeSo fll^^-fkS (7— 

20 7^yl/^) 1 4-40lf-^ia^fil 7 d B-C&^o »&©<^EDF • 1 4 -8(0 
f«J#ll2 5 dBt?*)0. ^^(^EDF • 14-1 2 OflJ#lt 1 5 dB-Cfe5o 3t 
r-ry U-j5^SrU-iF|§SKJh(Dfc*. miS(^iiiH^{C21®. ^®(0iiitiM$fl5lCl 

26 *l8§^o|| 1 llJfeJ^ffiofim;^^^}' h/wSrS i 5 {j:^ b^to i 7 d B. 

fim¥a^«5 0 nlnS:^TV^S. 1. 5 4-1. 6 1 m m<^#iKg{t-§- 

M {m^\i. 2om. loow.) <r>t^ <n>mim:h\tmi id Bm'x^h'Os ■\' 

5>ieiV\ fcfdt. -g-igil^l 4- 7, 1 4-1 1, 3tT>ryu-i5' 1 4-9, 14 
-13, mm^it^ (7-y^7^yl.^) 1 4 - 4 (Z)^¥Ata^H«- 1 d B i tfc 
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feSo mt&tftMl 6-4, 1 6-8(t, ^^1. 4 8 nm, mtt^^^^—l 0 0 
mW(75LDt?fc«9. fiftjg^tail 6 -6, 1 6 - 1 0 fi, i^g 1 . W;^ 
^/<y~l mW<DLDl?fe^o EDF -14-8, 14-1 2 f^iZlAI* Lfc 1 . 
10 4 8 /im<^fil|je3ttt, ^EDF • 1 4-8. 1 4 - 1 2 lC®li5l$tl. 1. 
5 5 /i m<01Sbie3t«:. IKEDF -14-8. 14-1 2 q>t?tt|itiS$tU<5o 
*s 0EEDF • 14-8, 14-1 2 <D ^iSmvti 1 . 4 8 nm(Dml&tft^<'P- 
^wtcfi. 1. 5 3 nm-vmmLfcmi^mmmtm]:.mn^n^^t7!i^'(^^^o 

15 $P>lc, ±MT?<DSi|c^^;6S 1. 4 8 /zmlS!)je{;:J:0ii5^^<^T*. 
20 (MS^J&^li) 

mi 4 mm-mmm) t\is y-n^mmtrM^x^^^Mii^mi-ji^o Bmyr 

26 (S/y:<7 7r-<^^) 18-4^, »[:Sl. 5 1 m 2 0 0 m 

WOUjig^M (LD) • 1 8-6t?jajjeL-CV>5o ■gSS^T'f^n 8-4tt, 6 
0 knKT^^J-fci/^ h7 7^^^-^&5>o 1. 6 1 jum-COT^r^flJ^ttl 0 dBT? 
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J:V\ fji^ti:(:>\t. B^^T-^y^^M-tZmmt&M: (1. 5 1 Mm) tit^it<0 

&«>o ^mmi8-5tLXWDMi Wavelength Division 

6 Multiplexing) :<77'7 Srfflv^5^i^|::Jt'<. tft-f-^ ^m\/^ZZ 

zEDF(Dmmn<Dm^tmf£^o Ltzi^^x, m2ox\t. m&<Dmm^2o 
15 -KD^f^^Lfzo ^^^(omm^ mT^m) <Dmmt. m^(Dmm2 o- i<Dm 
^tmmxh^o mi&ytmi 6-41*, &^i. 4 8 nm, mtitft^'^'p-i o o 

•Tfi, EDF- 14-8. Vy^U-^fm^f^^ (^«t«2 0-2, 2 0-3) . 

20 mmmmmtfty^ji^^ 2 0-6, ■5TigMsi§2o-5. ^soiu^. ^feT-fyw-:^' 

2 0-4"T?fl|fig$tlTV^?)o -^SiS§2 0-2, 2 0 - 3 fi. ^-1f|gM3tffl^fi<^ 
^JJj^^itJC-^iS • :9'ifii-t6WDM (Wavelength Division Multiplexing) 

^xit, mmitm (ld) tiimx^titiii>. m^amM - ^^^^^ifmmA^ 

25 $>^. 

(BSHm^S) 

m^. z<o^m<of^5nmmm\^^^^xnm't^o 

02 itt, :i<^l8§^o||5|lli?^iSlcj:2,z2:»Jg23tii'l'IS(^fllfiK^JS:^-r:^o 
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12120 imAM^j^m) ttt. vy^u-^^mm-^i^hitoXs ^tr-ry 

1^-^^20-4, Vy^l^—fm^m^ (^SES20-2, 20-3) SrffiV^i", 
3fef— ^*U-:^'2 1 -2. 2 1 -3«r^V>TVN5^asa)5C*, 3tei^-'SfaV- 
^2 1-2, 2 i-3Srffiv>*::t{cj;*). t) ^ «fiSi;65jBi^(c;fc 

(Heniifiji^^) 

(om^^ifih^xh:L<o^m\^^i^fii>o 



mz^ ^0mj^ yj^y^hLK \t^nmmy 7^^<^y^ ymmmn t vxm 
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15 -t^j^ioh. -a-^^as its mmtit^tftit^-(Dx^:ffmzf^Lxm(D:tjm>ibm 
0mr^y7^^<ai {cAit$-^^i:*ic. mm$¥mmy7-<^<sii izx^^xmrn 
^ tiTz^m ^^^±mwMy 7 ^y<mmM A2 {ctii;^f -So :i<r>ifh±mmMy7 

20 StOt^fcoTliaVS 

ht/ti^m^A^m^Lftm'^. ^±mmmy7'^^<i$nuA2 {zmi-^b^m^n 

26 tSo 
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10 aga2/i>t>(7)i!jS3tO^<!7— {±2 0 OmWTfcSo 

20 (SpUt Beam Fourier Filter) 3{ZXoXm^^flZo t.tz, mWii^i^Ul\ts 

r>{VV-9 1 a, 1 d t^igtSl b h^±^m^y 7 ^ c hm^%U\ e 

ht^hm^^^. m^i9in?FB2tt, ^iSL^2^ h^±mms\y 
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2<D'^^m2 aizxki^fi. ^±mm\i7 7^^<2b=^m^LX7^ yi^-^ 2 

m7r^^<2h{LX'oxytmm^fi^o 
mm^<^-<omf&^xtijj^Bi<9-^ymmiimK.xM'^'&9S:t^tj:^mmm^ 

titis, mso\zis\,^Xs-^±mmuy7^^<m%UA3it. Siiieo^i'-me 
15 ^mmmxnmLftNWi (N\t2^:k±(D^m <Dmmut^tih<omizwfhin 
6 (N-i) m<Dmm^itm\zx^m^$n^h(oxh^x-^x\^\ 
:i:lx. ^mmmmxtiT-ryminmommt/t^'^^^siS ^m\^x^^vx 

Tfi. :3:iSlt (H.Ma8uda.et al.,Electron.Lett.,Vol.33.pp. 1070-1072(1997)) {CP 
26 (IS9||i&^!|) 

ig3i$:#mtT. :^^m\z^t>^^mmi^(om9mmmWiK-:>\,^xn 
mmnA4 \z.^'^Litii(Dxhr>. :i(om(Dmmz^^^x\iim8mmmmtmm 
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S3fe SrSS^iH?^ 7 T-r^-< a 1 5 5 <Z5T?. ^-HdiBiKig a 2, a5 

10 

15 2 9(c:7i^Lfc7^>'iiltl@^F^5Al {c^LT, %m^-<oAtj^t.^^^mmy 7^ ^< 

20 (mil HJSJ^Ii) 

^P7r-rz<a8 {j:i5ljjg^=Sr^i^-f ?)lj®)taSa9 $:<i^S^5r#mi-t-'5o 
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